Novel metal oxynitrtides have been prepared by nitridation of amorphous metal oxide precursors obtained through citrate route. Their crystal structure, especially in O/N distribution and local bonding characteristics has been analyzed by using neutron diffraction, X-ray absorption and transmission electron microscopy, to investigate their electric and optical properties. In dielectric SrTaO 2 N, crystal structure refinement suggested the short range O/N ordering and local tilting of cis-TaO 4 N 2 octahedra, resulting in its unusual large permittivity. Its dense ceramics were sintered with SrCO 3 additive and exhibited superior dielectric constant above 1 © 10 4 at room temperature. New biphasic wurtzite and zinc-blende structure of gallium oxynitride nanowire was observed by using transmission electron microscopy. As-grown long gallium oxynitride nanowire exhibited a characteristic broad UV emission at 4.3 eV in its cathodoluminescene spectrum. New oxynitride phosphor having magnetoplumbite structure, LaAl 12 (O,N) 19 :Eu showed photoluminescence emission peak splitting due to Eu 2+ site splitting to two crystallographic sites induced by the two kinds of anions in its crystal structure.
Introduction
Oxynitrides are a novel group of compounds attracting recent interest for new applications and scientific investigation. Many kinds of oxynitrides have been prepared in the last decades and their applications are also developing. Their chemistry has been widely reviewed and their properties have been explained by the nitride ion coexisting with oxide ion in their crystal lattice.
1)3)
The nitride ion has a lower electronegativity than oxide ion (» O = 3.50 > » N = 3.05) and they have different charge. The substitution of O 2¹ with N 3¹ induces the cross-substitution of M 2+ with M' 3+ or formation of anion vacancy, in order to keep charge neutrality. 4) Such oxynitrides have also been studied in applications such as phosphor materials, 5),6) visible light photocatalysis, 7) , 8) inorganic non-toxic pigment, 9),10) gas sensor, 11) and dielectric materials. 12)16) However, the kinds of oxynitrides are still very limited as compared with those of oxides.
Oxynitride phosphor materials have been widely studied in silicon (oxy)nitride and alumino-silicon (oxy)nitrides host materials such as ¡-and ¢-SiAlONs, 1),2),17) spinel type AlON 18) and CaAlSiN 3 . 19) Such (oxy)nitrides have been prepared by high temperature solid state reaction using starting powder mixtures of oxides and nitrides under compressed nitrogen atmosphere. On the other hand, multinary oxynitrides consisting of transition metals and alkali, alkali earth or lanthanum metals have been obtained through high temperature nitridation of crystalline precursors under an ammonia flowing. 20)22) Multinary oxides or mixture of oxides/carbonates were generally used as the precursors. The thermal ammonolysis was successfully applied to obtain several kinds of oxynitrides, while the reaction has some disadvantages. The ammonolysis reaction requires the diffusion of metal cations and high temperatures or long durations to promote the diffusion. Reaction between solid powder and ammonia gas sometimes results in limited nitridation only at particle surface. To improve the diffusion and homogeneous reaction with ammonia, we applied a new preparation route so called soft chemistry route, in which an amorphous oxide precursor obtained through firing of citrate or glycine gel was nitrided under an ammonia flowing. Homogeneous mixing of metal cations was achieved in water or ethanol solution as shown in Fig. 1(a) . After mixing of appropriate amount of citric acid or glycine as a peptizer, the solution was heated at around 120°C to obtain a viscous gel. The gel was then fired to be an amorphous oxide precursor [ Fig. 1(b) ]. High homogeneity and amorphous nature of the precursor can enhance the reactivity with ammonia gas resulting in formation of novel oxynitride compounds in high purity.
In this review, preparation of novel oxynitride materials by ammonolysis of amorphous precursors obtained through citrate or glycine gel are reported. Their crystal structure analyzed by using neutron diffraction or transmission electron microscopy was investigated in relation to their properties. Crystal structure of perovskite type dielectric oxynitride SrTaO 2 N was refined by using neutron diffraction to elucidate its anionic distribution and displacement to understand the dielectric behavior (section 2.1.). Its dense ceramics were obtained by pressureless sintering with sintering additive showing superior dielectric properties (section 2.2.). In section 3, stacking disorder of gallium oxynitride observed by using scanning transmission electron microscopy and optical property of as-grown gallium oxynitride nanowires are shown. We have also prepared novel oxynitride phosphor material doped with europium having a magnetoplumbite structure and investigated its emission site splitting in section 4. Although the crystal structure of BaTaO 2 N was refined in space group of Pm-3m, 26) local structure around Ta octahedral was suggested to induce its dielectric polarization. Direct observation of the anionic ordering or distortion is impossible by using diffraction method, because there is only one anionic site in the cubic structure model. In contrast to BaTaO 2 N, the number of studies on crystal structure and dielectric property has been limited in perovskite-type SrTaO 2 N. Its crystal structure has been refined in tetragonal I4/mcm models with discrepant anionic occupations.
Dielectric perovskite oxynitride
12),22),27) Both a complete O/N ordering 27) and a statistical anion distribution among the available sites 22) were reported. It was possible to analyze a local anionic deviation in the space group of I4/mcm because there are two crystallographic sites in SrTaO 2 N. Therefore, crystal structure of SrTaO 2 N focusing on anionic site occupancy and local displacement were investigated to elucidate the origin of the unusual dielectric property of SrTaO 2 N. Neutron diffraction analysis is particularly appropriate to study local anionic structure and preferential occupation in the oxynitride, because of the considerably different neutron scattering lengths for O (5.803 fm) and N (9.360 fm).
28)
The peroskite-type SrTaO 2 N was prepared by ammonolysis of precursor obtained through citrate gel. A stoichiometric amount of SrCO 3 and TaCl 5 was dissolved in ethanol with an equimolar of citric acid as a peptizer. The solution was heated under stirring on hot plate to obtain a viscous gel. The gel was then pre-fired in a box furnace, resulting in brownish amorphous oxide precursor. The precursor was nitrided under an ammonia flow of 50 mL/min at 1000°C for 12 h. Phase purity was checked by using X-ray diffraction. Neutron diffraction measurements were performed at room temperature using the high resolution powder diffractometer (HERMES) installed at the JRR-3M reactor of the JAEA.
29) The Rietveld program RIETAN-2000 was used for structural refinements.
30) The refined crystal structure was visualized using VESTA program. 31) Single phase of perovskite-type SrTaO 2 N was obtained by the ammonolysis reaction. Its structure refinement was performed based on the tetragonal I4/mcm model. 32 ) Figure 2 (a) indicates the refined crystal structure of SrTaO 2 N. The site occupations of nitride ions is always higher at the axial 4a site than the equatorial 8h site with the occupancies of O/N µ 0.5/0.5 and 0.75/0.25 for the former and the latter, respectively. This result is in good agreement with that reported by Clark et al. 22) It should be noted that such preferential site occupations are little dependent on the synthesis route, because the crystal structure of SrTaO 2 N obtained by nitridation of oxide precursors was well refined in similar anionic occupancies. The site preference feature of SrTaO 2 N, in which both half of the axial 4a site and quarter of the equatorial 8h site are occupied by nitride ions, indicate each TaO 4 N 2 octahedron displays a cis configuration with one nitride ion at the axial site and the other at the equatorial site as shown in Fig. 2(c) . Such local symmetry reduction in SrTaO 2 N was already suggested by theoretical calculations 33) and EXAFS measurement, 16) because of a shorter TaN bond length than TaO. Local symmetry lowering was also suggested from electron diffraction analysis on SrTaO 2 N showing weak extra reflections that should be absent in the I4/mcm model. 34) The local O/N ordering was suggested to occur up to 750°C. 34) Large anisotropic displacement parameter in ab plane was also observed at the axial 4a site, as shown in Fig. 2(a) . The extraordinary large displacement in ab plane implies that anions at the axial 4a site deviate within ab plane in a statistical way. Together with the smaller displacement for the 8h site, these anionic displacements suggest that the TaO 4 N 2 octahedra are likely to tilt each other along c-axis, as shown in Fig. 2 The unusually larger permittivity of SrTaO 2 N could be closely related to the octahedral tilting. It should be noted that such local distortion is not correlated over a large length scale and therefore a statistically-averaged centrosymmetric crystal structure (space group I4/mcm) is achieved. The nonzero polar momentum local units in SrTaO 2 N make it exhibit excellent dielectric behavior under applied field.
Sintering and dielectric properties of SrTaO 2 N ceramics
The origin of large dielectric permittivity of SrTaO 2 N was investigated in relation to its local anion ordering with octahedral tilting, resulting in the nonzero polar momentum units under applied field. One of the problems pertaining to dielectric oxynitride ceramics is the difficulty in fabricating high-density ceramics. There are only a few reports on dielectric oxynitrides, 12) 16) especially in the ceramic form.
12) The reported bulk density of SrTaO 2 N was very low about 45% when it was sintered by using a conventional method. Therefore, the densification of SrTaO 2 N ceramic is necessary for fundamental characterization and also for practical applications. Pressureless sintering method with certain additives was applied for a densification of the oxynitride. The sintering of dielectric perovskite oxide can be promoted by the addition of A-site donor dopants because the densification kinetics is enhanced by the subsequently induced A-site defects.
35)37) During the sintering process, incorporation of suitable additives could compensate the loss of easy-to-volatilize components, such as PbO in PMN and SrO in SrTiO 3 . 38), 39) SrTaO 2 N oxynitride powder was obtained by above mentioned method. The obtained oxynitride powders were mixed with 5 wt % of SrCO 3 as an sintering additive. These powders were die-pressed into 7 mm diameter and 2 mm thick disks, followed by cold isostatic pressing at 150 MPa. The disks were placed in a BN crucible and sintered at 1400°C for 3 h under a nitrogen pressure of 0.2 MPa using a graphite furnace. The sintered bulks were then annealed at 1000°C for 12 h under an ammonia flowing. This post-annealing process was necessary to obtain highly resistive bulks for reliable dielectric property measurement.
As-sintered SrTaO 2 N without SrCO 3 additive was contaminated with a small amount of TaC. The TaC impurity is likely to be formed when excess Ta is combined with organic residue due to the loss of SrO from SrTaO 2 N during sintering. In spite of high melting temperature, loss of SrO may occur in high temperature processing, as reported in SrTiO 3 , SrZrO 3 and Sr 2 RuO 4 .
39)41)
The impurity phase disappeared in the as-sintered SrTaO 2 N bulk with SrCO 3 additive because of Sr 2+ from the additive compensates the Sr loss, 42) which inhibits the appearance of the secondary phase. However, sintered bulks both with and without sintering additive changed their color from brown to dark grey, indicating reduction of the tantalum associated with anion deficiencies in the crystal lattice. Post-annealing in an ammonia atmosphere was necessary to recover their original color to brown and oxidation state of tantalum cation. After the annealing process, TaC and Ta 3 N 5 impurities were observed in SrTaO 2 N bulk without additive, while the annealed bulk with additive was perovskite single phase.
The relative densities of the post-annealed SrTaO 2 N bulks without and with sintering additive were 70% and 93%, respectively. The SrTaO 2 N bulk without additive could not be sintered well, while a high density was achieved at 1400°C by the addition of 5 wt % of SrCO 3 . The fracture surface morphology was changed by the addition of sintering additive as shown in Fig. 3 . After the annealing process, densification and smaller grain size were achieved with the sintering additives. The SrO from SrCO 3 additive might react with Sr-deficient SrTaO 2 N to promote the efficient reaction sintering and further densification, while no obviously segregated compounds such as strontium tantalum oxide was observed in the microstructure. All the assintered SrTaO 2 N bulk exhibited a semiconductive behavior, typically with several thousand ohms at room temperature. The successive annealing under the ammonia flowing was found to be essential to recover the dielectric properties which accompanied resistance values several order of magnitudes larger than those of the as-sintered bulks. Dielectric constant (¾ r ) and dielectric loss (tan ¤) as a function of frequency for the post-annealed SrTaO 2 N bulks are shown in Fig. 4 . Both dielectric constant and dielectric loss gradually decrease with increasing frequency. The SrTaO 2 N bulk without additive have ¾ r in the order of 1.8 © 10 3 at 10 2 Hz. In contrast, the addition of SrCO 3 resulted in a significant increase in the dielectric constant, which is about 3.6 © 10 4 at 10 2 Hz. This value is several times higher than the permittivity (³2900) reported by Kim et al.
12) The permittivity of SrTaO 2 N bulk with additive is comparable to those reported for ferroelectric and relaxor oxides at their Curie temperatures. 43) Frequency dependence of dielectric constant is very small. The dielectric constants of the SrTaO 2 N ceramic are sensitive to its density. Enhanced densification is beneficial to obtain desirable dielectric properties. The annealed SrTaO 2 N with additive has a significantly improved grain microstructure, but the dielectric loss is relatively high. The tan ¤ values are approximately 0.04 at 1 MHz, which is still higher than that required for practical applications. The formation of lattice defects within the crystal lattice can affects the dielectric loss. The SrTaO 2 N bulk with additive are well densified, therefore it is likely that the anion deficiencies were not completely removed during the post annealing process. A small amount of anion vacancies or tetravalent tantalum cation is sufficient to cause a large increase in the dielectric loss. It should be further reduced by eliminating anion vacancies in a considerably improved microstructure.
3. Gallium oxynitride nanowire 3.1 Direct observation of biphasic wurtzite and zinc-blende structure
Gallium nitride (GaN) and the related materials have been widely studied for various applications including UV-blue light emitting diodes, laser diodes and UV detectors. 44 )46) Their nano- wires have been attracting interest for a wide range of optical and electronic applications, such as a UV lasers, field effect transistors and logical gates. 47)49) Nanowires can be grown by various methods using metal catalysis for vaporliquidsolid (VLS) growth mechanism. 49)53) Theoretical calculations predicted that spinel type gallium oxynitride £-Ga 3 O 3 N will be formed from ¢-Ga 2 O 3 and GaN under high pressure and be stabilized by introduction of gallium vacancies. 54),55) Spinel type gallium oxynitride including both gallium ions and anion vacancies were obtained by high pressure synthesis. 56) Gallium oxynitride (GaON) with a wurtzite-like structure was firstly prepared by ammonolysis of NiGa 2 O 4 .
11) Its crystal structure has been expected to be 6H polytypoid, because of coexisting of characteristic Raman bands for wurtzite (2H) and zinc-blende (3C). 57) Our group has prepared wurtzite-type GaON with a chemical composition of (Ga 0.89 0.11 )(O 0.33 N 0.67 ) by ammonolysis of amorphous gallium oxide precursors obtained through the citrate route, 58) where the symbol indicates a gallium site vacancy. Some kinds of 3d transition metals were doped into the GaON to study the magnetic properties by using similar preparation methods.
59)62)
Ammonolysis of an amorphous gallium oxide precursor containing a few percent of Ni or Co additives produced GaON nanowires mixed with agglomerated GaON grains.
63) The nanowires grew to length of several micrometers and widths of several tens of nanometers at an ammonolysis temperature of 750°C, as shown in Fig. 5(a) . Their electron diffraction pattern indicates that they grew parallel to the hexagonal c-plane [ Fig. 5(b) ]. Ni or Co additives were found in the agglomerated grains, but not in the GaON nanowires as depicted in Fig. 5(c) . The GaON nanowires were assumed to be grown by the catalytic behavior of Ni or Co, which precipitated during ammonolysis due to the instability of their nitrides. 64) One-dimensional growth occurred because the metal precipitates obstruct isotropic two-dimensional growth of GaON in the hexagonal c-plane. The nanowire did not grow by VLS growth. They should be single crystals with a fixed chemical composition. They were expected to have a highly disordered wurtzite (2H) crystal structure with some zinc-blende (3C) type stacking disorders based on X-ray diffraction patterns of the mixture of nanowires and agglomerated grains.
Structural characteristics of the GaON nanowire were first observed directly by using scanning transmission electron microscopy (STEM). Figure 6 (a) shows a bright-field (BF) STEM image of a GaON nanowire. 65) In this image the lateral direction is the nanowire growth direction. The BF-STEM image and its corresponding Fourier transforms indicate that the GaON nanowire consists of wurtzite and zinc-blende lattices. The closepacked planes i.e. the c-plane in wurtzite and the (111) plane in zinc-blende, are parallel to the nanowire growth direction. Figure 6 (b) shows a high-angle annular dark field (HAADF) STEM image taken from the same area shown in Fig. 6(a) . In HAADF-STEM images, signal intensity is known to be roughly proportional to the square of the atomic number Z. 66) The bright spots in the image correspond to gallium ions. ABAB and ABCABC stacking sequences of gallium ions correspond to wurtzite and zinc-blende lattices, respectively. They are clearly observed in the upper and lower regions of the image. A stacking disorder of about six atomic layers is sandwiched between them. GaON nanowires were assumed to grow by catalytic behavior of Ni or Co which obstructs isotropic two-dimensional crystal growth in the hexagonal c-plane.
63) The mononitride of nickel and cobalt has been reported to crystallize in the zinc-blende structure.
64) The presence of Ni or Co during ammonolysis of amorphous gallium oxide may induce the observed biphasic stacking of GaON nanowires because nickel and cobalt nitride crystallize in the zinc-blende structure, whereas GaON prepared by ammonolysis of amorphous gallium oxide precursor has the wurtzite structure.
58) The present STEM-EDX observations showed that the GaON nanowires prepared at 750°C contained about 30 at. % of oxide ions substituted for nitride ions. In order to keep its charge neutrality, some gallium site must be vacant. 
65)
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Gallium vacancies and incorporated oxide ions may introduce stacking disorder into the GaON lattice. ¡-Ga 2 O 3 crystallizes in the corundum structure in which one third of the octahedral sites are vacant in hcp. 67) GaN has the wurtzite structure in hcp and ¢-Ga 2 O 3 crystallizes in the ccp with partially occupied tetrahedral and octahedral sites. 68) , 69) The different stacking in simple gallium compounds may suggest understanding of the complicated stacking in relation to the gallium vacancy.
Crystal growth and characterization of gallium oxynitride nanowire
GaON nanowires were grown from seed crystals separated from an agglomerated grains prepared by ammonolysis of amorphous gallium oxide precursor with Ni additives, in order to perform its optical and electrical measurements. 70) As nitrided GaON nanowire mixed with agglomerated grains were ultrasonically dispersed in acetone. The suspended solution was then dropped onto a silica glass substrate to use the GaON nanowires as seed crystals for subsequent nanowire growth. The seed crystals on the substrate were placed in a tube furnace with the gallium oxide precursor, which had been prepared through citrate route without Ni or Co additives. The seed crystals and the precursor were annealed under an ammonia flowing.
The morphologies of the products obtained by annealing under ammonia flowing varied depending on the growth temperature. 70) The nanowires grew to a maximum length of 150¯m from seed crystals of several micrometers long, but did not grow laterally at 750 and 800°C as shown in Figs. 7(a) and 7(b) . A large amount of ca. 10¯m long GaON nanowires was observed together with long nanowires at 900°C [ Fig. 7(c) ]. The former were intertwined with each other and had similar widths as those of the seed crystals. The morphology changed drastically at 1000°C [ Fig. 7(d) ]. Needle like crystals that were several micrometers wide and several tens of micrometers long grew together with thin nanowires with similar widths as the seed crystals. A different nucleation mechanism may be responsible for the growth of the large amount of nanowires at 900°C and needle like crystal at 1000°C independent from the seed crystals. Significant amount of gallium-containing vapors such as Ga 2 O were reported to be generated from ¢-Ga 2 O 3 above 900°C. 71) Excess supply of gallium vapor might increase GaON nucleation on the surface of seed crystals. The nanowires grown at 750 and 800°C showed hexagonal patterns in their TEM-ED when the electron beam is irradiated perpendicular to the nanowire, indicating the nanowires grew parallel to the hexagonal c-plane along the seed crystals. GaON nanowires grown at 900 and 1000°C contained nanowires that grew along the seed crystal, (i.e. parallel to the hexagonal c-plane), although some nanowires grew in different directions. Similar growth has been reported for GaN nanowires, which were grown by the VLS mechanism. 72),73) At 900 and 1000°C, asgrown nanowires may contaminate with GaN-like nanowires resulting in growth in different directions from the seed crystal.
Cathodoluminescence (CL) spectra were obtained from GaON nanowires grown at 800 and 1000°C as shown in Fig. 8 . The GaON nanowire grown at 1000°C exhibited strong emission at about 3.4 eV and weak blue emission at 2.9 eV. The former has been assigned to band gap emission of GaN. 74) Blue emission from wurtzite GaN has been reported to be related to complex defects due to gallium vacancies formed by the substitution of nitride ions with oxide ions. 75) The blue emission at 2.9 eV implied the GaON nanowires grown at 1000°C contain gallium vacancies coexisting with oxide ions substituting nitride ions in GaN-like crystal. The blue emission was also observed in the GaON nanowire grown at 800°C, with small but apparent UV emission at 4.3 eV. Large band gap energy of 4.8 eV has been reported in single crystals of ¢-Ga 2 O 3 .
76) The observed UV emission at 4.3 eV implied the band structure of GaON nanowires grown at 800°C were similar to that of gallium oxide not to gallium nitride, maybe due to introduction of large amount of oxide ions in the GaON nanowire. STEM-EDX revealed that about 30 at. % of nitride ions was substituted by oxide ions in GaON nanowires grown below 800°C. The blue emission at 2.7 eV of the nanowire grown at 800°C might also originate in complex defect levels formed by gallium vacancies and nitride/ oxide ions in gallium oxide like band structure, not in gallium nitride, as suggested for blue emissions of ¢-Ga 2 O 3 .
77)
The electrical conductivity was estimated by dc four-probe method with Pt electrodes formed by electron-beam lithography. Nanowires grown at 900°C had an n-type electrical conductivity of 76116 S·cm ¹1 with an activation energy of about 1 meV in the temperature range 130 to 330 K. This is similar to the values obtained for nanowires grown at 750°C. The GaON nanowires were excited by 393 nm light (3.15 eV), which is a lower energy than the band gap observed in the CL spectra. For both nanowires, the photocurrent increased under UV light irradiation and it had a long decay time when the irradiation was turned off. Such persistent photoconductivity (PPC) has been observed on n-type GaN; it was assigned to unintended Ga vacancies without ele- 19 ] was prepared using aluminum glycine gel precursors followed by post annealing of the nitrided precursors. 83) Aluminum acetylacetonate, lanthanum acetylacetonate hydrate and europium acetylacetonate hydrate were used as starting materials. Those powders were mixed in anhydrous ethanol with glycine as a peptizer. The solution was heated on a hot plate to obtain gelatinous products. The gel was pre-fired in air at 500°C for 1 h and then nitrided at 850°C under an ammonia flowing. The nitrided products were post-annealed at 1700°C in a gas pressure furnace for 3 h under a nitrogen gas pressure of 0.2 MPa to improve their crystallinity.
5 at. % Eu doped LaAl 12 (O,N) 19 exhibited broad blue emission at 440 nm with a shoulder peak at 464 nm under excitation at 254 nm as shown in Fig. 9 . No characteristic sharp peaks due to Eu 3+ ions were observed, which confirms the presence of only Eu 2+ ions in the oxynitride phosphor. The product exhibited broad excitation spectrum between 250 and 360 nm for the emission at 440 nm. Single phase of 5 at. % Eu doped CaAl 12 O 19 was obtained in a conventional solid state reaction, which showed a single broad emission at 415 nm. The emission wavelength was shorter than that for Eu-doped LaAl 12 (O,N) 19 . It is believed that the long wavelength emission is attributed to covalent bond character and a large crystal field splitting effect on Eu 2+ 5d band. 84) The present red-shift of the emission peak wavelength may be caused by the introduction of nitride ions to increase the covalent character.
The crystal structure of 3 at. % Eu-doped LaAl 12 (O,N) 19 was refined in the MP structural model using its neutron diffraction data. 83) Anomalously large isotropic displacement parameter on the lanthanum site was observed when single lanthanum site (2d) was applied. The large displacement parameter implied lanthanum site splitting. The refinement was improved by dividing the lanthanum site from the original 2d site to 2d and 6h sites. The isotropic displacement on the lanthanum sites was refined to a reasonable value. Doped europium ion was refined to occupy both lanthanum sites. Crystal structure of CaAl 12 O 19 doped with Eu was also refined in MP structure without calcium site splitting. The atomic arrangements around the lanthanum and calcium sites in the MP-type oxynitride and oxide are shown in Fig. 10 . 85),86) Some of La ions are shifted in their position from the 2d site to the 6h site so as to be apart from the introduced nitride ion, resulting in lanthanum site splitting in the oxynitride structure. The emission peak splitting observed in the oxynitride can be attributed to Eu site splitting into the 2d and 6h sites. The 6h site has lower symmetry than the 2d site and its coordination number may be decreased from 12 (2d) to 10 (6h), as shown in Fig. 10 . Lower symmetry and smaller coordination number results in an increase in the crystal field splitting effect on Eu 2+ , which results in the red-shift emission. The emission peak at 440 nm and the shoulder at 460 nm can be caused by emission from Eu 2+ on the 2d and 6h sites, respectively.
Conclusions
Novel metal oxynitrides have been prepared by ammonolysis of amorphous metal oxide obtained from citrate or glycine gel. Their crystal structure, especially in O/N distribution and local bonding characteristics has been analyzed to investigate their electric and optical properties. In the dielectric SrTaO 2 N perovskite, the Eu. These structures were visualized with the VESTA program, 31) using the refined structural parameters. The structure in (c) and (d) are viewed along the c-axis.
83)
Journal of the Ceramic Society of Japan 121 [2] 142-149 2013 JCS-Japan short range O/N ordering as cis configuration of nitride ions and local tilting of TaO 4 N 2 octahedra were suggested from neutron diffraction analysis, contributing to the unusual dielectric behavior. Its sintered bulks having a relative density above 90% were prepared by pressureless sintering using SrCO 3 additive. The SrTaO 2 N dense ceramics exhibited superior dielectric constant above 1 © 10 4 and dielectric loss of 0.04 at a frequency of 1 MHz. New biphasic wurtzite and zinc-blende structure of GaON nanowire was first observed by using STEM. The biphasic structure formed due to the presence of Ni or Co in starting material because their nitride has a zinc-blende structure whereas gallium oxynitride has the wurtzite structure. GaON nanowire grown at 800°C exhibited characteristic broad UV emission at 4.3 eV in its cathodoluminescence spectrum, while GaN like emission at around 3.4 eV was not observed. These facts implied the band structure of GaON is similar to that of gallium oxide (band gap of 4.8 eV) rather than that of GaN due to introduction of large amount of oxide ions in GaON nanowires. Eu doped lanthanum aluminum oxynitride with magnetoplumbite structure exhibited emission peak splitting. Neutron diffraction study of the oxynitride indicated that the lanthanum site partially occupied by Eu 2+ splits into 2d and 6h sites. The emission peak splitting of the oxynitride is not directly related to two kinds of anions, but to the Eu 2+ site splitting induced by the two kinds of anions. Many kinds of oxynitride ceramics have been prepared in the last decades, because of much interest for new applications and scientific investigations. In oxynitride materials, not only chemical composition, i.e. O/N ratio, but also local O/N distribution has been important to elucidate their characteristic properties. Studies on practical applications, such as densification, thin film fabrication, and mass production, will be strongly expected for the future as well as development of new oxynitride materials.
